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Diffusion MRIAbstract Objective: To investigate the accuracy of high b value Diffusion Weighted Imaging
(DWI) combined with T2-WI in estimating the depth of myometrial invasion in endometrial carci-
noma compared to the accuracy of post contrast MRI.
Subjects and methods: Twenty-seven patients with histologically proven endometrial carcinoma
were enrolled in this study. T2-weighted, post contrast T1-weighted after 30, 60, 120 s, and DWI
with b values of 0, 500 and 1000 s/mm2 were obtained. The Depth of myometrial invasion was
assessed. The ADC values were measured and correlated with the depth of myometrial invasion
and with the histological grade.
Results: The high b value DWI showed similar sensitivity and higher specificity in evaluating the
depth of myometrial invasion compared to the post contrast MRI. No correlation was found
between the ADC values and the depth of myometrial invasion. No correlation was found between
the ADC values and the histologic tumor grade.
Conclusion: DW-MRI has a high diagnostic efficacy comparable to that of post contrast study,
making it a good alternative in preoperative evaluation of depth of myometrial invasion in endome-
trial carcinoma patients. DW-MRI thus should be considered part of the routine pre-operative
pelvic MRI in this group of patients.
 2016 The Egyptian Society of Radiology andNuclearMedicine. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
DW sequences measure the random motion of water in
tissues, and malignant tumors have higher cellularity thanbenign lesions and are associated with restriction to water
diffusion (1).
Endometrial carcinoma shows restricted diffusion com-
pared to normal endometrium resulting in hyperintensity on
high b values DWI and corresponding hypointensity on
ADC maps (2).
There are different factors that affect the prognosis of
endometrial carcinoma such as Histologic grading, depth of
myometrial invasion and lymph nodes metastasis (3). The most
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invasion with 50% myometrial invasion cutoff dividing the
FIGO stage I into Ia and Ib (4). Deep myometrial invasion
is associated with increases in risk of pelvic lymph node
involvement and parametric extension (3).
At present, MR examination including T2 WI and DCE
imaging is considered the standard for preoperative staging
of endometrial cancer and for detection of depth myometrial
invasion in patients with endometrial cancer (4).
Diffusion-weighted imaging (DWI) is frequently used in
association with T2 and DCE MR imaging although it is not
yet included in current imaging guidelines updated by 2011 (5).
The raised concerns about the use of gadolinium contrast in
patients with impaired renal function were a reason to investi-
gate the role of DW imaging in evaluating the depth of
myometrial invasion (6).
The purpose of this work was to study the diagnostic accu-
racy of T2WI with DWmagnetic resonance imaging in the pre-
operative detection of depth of myometrial invasion in patients
with endometrial cancer, to compare the ADC values in super-
ficial and deep myometrial invasion and to compare the ADC
values in different histologic grades of endometrial carcinoma.
The surgical-pathologic staging was the reference.
2. Subjects and methods
2.1. Study population
This prospective study, performed at MRI unit in radiology
department –University Hospital – during the period of April
2013 and March 2015, included 27 patients with endometrial
carcinoma that had been confirmed pathologically. All
patients underwent subsequent total hysterectomy.
The mean patient age was 61 years (range: 48–81 years).
The exclusion criteria for this study were patients who did
not undergo surgery, patients who received preoperative
chemotherapy or radiotherapy, patients with MR incompati-
ble devices (pacemaker, aneurysm clips, pelvic metal prosthe-
ses), and claustrophobic patients.
Informed consents were obtained from all participants.
Ethical Board Institute approved the study.
2.2. MRI protocol
All MRI examinations were performed on a 1.5-Tesla scanner
(Philips-Enigma, the Netherlands) with a phased-array pelvic
coil.
The MRI protocol consisted of the following:
– T1-weighted images acquired in the axial plane with the fol-
lowing parameters: TE 4.6 ms; TR 4.4 ms; slice thick-
ness7 mm; inter-slice gap 1 mm; FOV 36  40 cm; matrix
256  320; number of slices 25.
– T2-weighted turbo spin-echo images acquired in the sagittal
and oblique axial planes parallel to the long and short axis
of the uterus with the following parameters: TE 85 ms; TR
5000 ms; slice thickness 3 mm; inter-slice gap 0.3 mm; FOV
18  12 cm; matrix 361  198; number of slices 32.
– DW images with echo-planar technique after fat suppres-
sion obtained in the axial plane with the following parame-
ters : TE 80 ms; TR 2640 ms; slice thickness 5 mm;,inter-slice gap 1.5 mm; FOV 40  28 cm; matrix 160  87;
number of slices 60; b factor 0, 500 and 1000 s/mm2; num-
ber of signals averaged 10. Patients were breathing freely.
Image fusion was not used.
– Gadolinium – enhanced T1-weighted images after fat sup-
pression obtained in the axial plane after injection of
gadopentetate dimeglumine (Magnevist) at a dose of
0.1 mL/kg body weight with the following parameters: TE
2.1 ms; TR 4.3 ms; slice thickness 2 mm; FOV 40  28 cm;
matrix: 256  196; number of slices 50. The injection flow
rate was 2 mL/s, and the contrast injection was followed
by a 20-mL saline flush. Images were acquired after 0, 30,
60, and 120 s of contrast injection.2.3. MR image analysis
The T2WI and post contrast MRI images were first reviewed
followed by Evaluation of T2WI and DWI by Two expert
radiologists of 27 and 18 year experience blinded to final
histopathologic diagnosis.
For analysis of the T2-weighted images and dynamic
T1-weighted images, the criteria for endometrial cancer
diagnosis were the high or heterogeneous signal intensity on
T2WI and the mild enhancement on the delayed post contrast
images against the more intensely enhancing myometrium.
On high b value DW images (b value of 1000 s/mm2),
endometrial cancer was diagnosed when a bright-signal-
intensity area is seen contrasting against the dark background.
The corresponding ADC map showed low signal intensity and
low ADC values. All DW images were evaluated in reference
to corresponding ADC maps to avoid T2 shine-through effect.
ADC maps were generated on the scanner console on a
pixel-by-pixel basis from the DW images.
All ADC measurements were obtained on ADC maps that
contained the largest tumor so that the largest region of
interest (ROI) could be drawn within the targeted tissues (see
Figs. 1–4).
One circular ROI was placed in the center of the tumor.
Necrotic areas were excluded based on findings on T2-
weighted MR images.
For each case, the part of myometrial wall with deepest
tumor invasion was localized and the extension of tumor into
the myometrium was estimated. The depth of myometrial inva-
sion was then classified into superficial (no myometrial inva-
sion or invasion to less than one half of myometrial
thickness) or deep (invasion to one half or more of the myome-
trial thickness) on both Post contrast MR Images and on DW
Images. Then ADC values of each group were compared.
2.4. Surgical procedure and histopathological analysis
All the study groups underwent total hysterectomy 4–10 days
after MR imaging (average, 6 days).
The surgical procedures were performed in the Gynecology
Department – University Hospital.
The surgical specimens were evaluated by experienced
pathologists stressing upon the histologic type (Table 1).
Tumor grades were determined (G1, well-differentiated; G2,
moderately differentiated; G3, poorly differentiated) (Table 2).
For each case, maximum depth of myometrial invasion was
estimated and localized.
Fig. 1 77-year-old female patient with pathologically diagnosed G2 endometrioid endometrial carcinoma. A and B: Sagittal and axial
T2 W images showing a hyper-intense endometrial mass relative to the myometrium occupying the fundus and anterior wall of the uterine
cavity. C andD: Sagittal andAxial DelayedGd-T1 W images showing the endometrial mass to be more conspicuous and contrasting against
the enhancedmyometriumwith deepmyometrial invasion>50%.E, F: Axial ADCmap and corresponding high b valueDW image showing
diffusion restriction of the mass in the form of low signal on ADC map and high signal on DWI. The ADC value 0.75  103 mm2/s. On
DWI, there is well delineation of depth of myometrial invasion >50%. Note the associated Right ovarian endometrioid carcinoma (*).
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Fig. 2 A 83-year-old woman with histologically proven mixed endometrioid and papillary serous carcinoma of the endometrium. A and B
Sagittal and axial T2-weighted images of the uterus show intermediate signal intensity filling the endometrial cavity and extending into the
endocervical canal. There is myometrial thinning and ill-defined zonal anatomy due to age related atrophy. The cervical hypointense stroma
is intact (arrow). C and D Axial T1-weighted and axial Gadolinium enhanced T1-weighted images showing hypovascular endometrial mass
enhancing less than the surrounding myometrium E DW-MRI with b = 1000 s/mm2 shows a high-signal intensity mass in the endometrial
cavity. F ADC map demonstrates the tumor as hypo-intense relative to the surrounding myometrium. DW-MRI and ADC map show
diffusion restriction of the mass with superficial invasion of the myometrium less than 50% ADC value = 0.65  103 mm2/s.
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Sensitivity and specificity of post contrast study and those of
DWI in estimating the depth of myometrial invasion compared
with histopathological results were estimated.Correlation of the mean ADC value and depth of myome-
trial invasion.
Correlation of the mean ADC value and histologic tumor
grade.
Fig. 3 A 56-year-old patient with pathologically proved Grade 2 endometrioid adenocarcinoma with deep myometrial invasion more
than 50%. A and B Sagittal and axial T2-weighted images of the uterus show intermediate signal intensity filling the endometrial cavity.
There is interruption of the junctional zone at the right cornu (Arrow). C and D Axial T1-weighted and axial Gadolinium enhanced T1-
weighted images showing hypovascular endometrial mass enhancing less than the surrounding myometrium. The myometrial invasion is
>50% at the right cornu (Arrow). E DW-MRI shows a high-signal intensity mass in the endometrial cavity. F ADC map demonstrates
corresponding hypointensity due to diffusion restriction. The deep myometrial invasion is also well seen (arrow). ADC
value = 0.86  103 mm2/s. Note the intramural fibroid (*).
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Fig. 4 75-year-old patient with grade I endometrial carcinoma on top of endometrial hyperplasia. A and B Sagittal and axial T2-
weighted images of the uterus show endometrial mass with bright signal intensity filling and distending the endometrial cavity with
thinning of the myometrium. C Axial T1-weighted. D Axial Gd- T1-weighted image showing the endometrial mass enhancing less than the
myometrium. E and F DW-MRI and corresponding ADC map. There is heterogeneous iso-intense signal with foci of high signal intensity
and corresponding low signal on ADC map (consistent with endometrial hyperplasia with foci of malignant transformation). ADC value
was 1.4  103 mm2/s in areas of endometrial hyperplasia and 0.74  103 mm2/s in areas of endometrial carcinoma.
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Table 1 The pathology of endometrial carcinoma cases.
Type of
tumor
Pathology No No
(%)
Endometrial
Carcinoma
Endometrioid adenocarcinoma
Grade 1 21 70%
Grade 2 14 44.4%
Grade 3 4 14.8%
3 1.1%
Mixed endometrioid adenocarcinoma
and serous papillary carcinoma
3 14.8%
Serous papillary carcinoma 2 11.1%
Clear cell carcinoma 1 3.8 %
Total 27
Table 2 Comparison of the accuracy of the delayed post
contrast images versus Diffusion weighted imaging in estimat-
ing the depth of myometrial invasion in endometrial carcinoma
cases.
Assessment of depth of
myometrial invasion
PC MRI High b
value DWI
Depth > 50% True results 14 15
Depth > 50% False results 2 2
Depth < 50% True results 9 9
Depth < 50% False results 2 1
Sensitivity 85.7% 92.9%
Specificity 81.8% 81.8%
PPV 85.7% 86.7%
NPV 81.8% 90%
Accuracy 84% 88%
PC: Post Contrast, DWI: Diffusion Weighted Imaging, PPV:
Positive Predictive Value, NPV: Negative Predictive Value.
Table 3 The histological grade of endometrial carcinoma and
the mean ADC value of each grade.
Type of
tumors
Histological
grade
No No
(%)
Mean
ADC  103 mm2/s
Endometrial
Carcinoma
Grade 1 14 45% 0.78 ± 0.09
Grade 2 4 14% 0.77 ± 0.12
Grade 3 9 41% 0.75 ± 0.1
Total 27
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3.1. Histopathologic findings
The histopathological results confirmed the presence of
endometrial carcinoma in all patients. Most cases (21 of 27)
were endometrioid carcinomas. The remaining six cases were
as follows: three Mixed endometrioid adenocarcinoma and
serous papillary carcinoma, two serous papillary carcinoma,
and one clear cell adenocarcinomas. The histologic grades
were grade 1 (G1) in 14 cases (45%), grade 2 (G2) in 4 cases
(14%), and grade 3 (G3) in 9 cases (40%).
In addition to endometrial cancer, three patients had coex-
isting leiomyomas; one patient had co-exciting right ovarian
carcinoma.
According to histopathologic specimens, maximum
endometrial thickness was between 1.5 and 4 cm. Tumor inva-
sion was found to be <50% in 14 cases (52%) and >50% in
13 cases (48%).
The surgical FIGO stages were as follows: stage IA
(n= 12), stage IB (n= 8), stage II (n= 3), and stage III
(n= 4).
Among the 9 patients who underwent lymphadenectomy,
four had pelvic lymph node metastases and the remaining 5
did not.
The histopathological findings are summarized in Table 1.3.2. MRI findings
No significant inter-observer variation was found regarding
the presence of tumor tissue on evaluation of T2WI and post
contrast T1WI as well as on evaluation of T2WI and DW
images.
The results of both reviewers are shown in Table 2
On the ADC maps, the mean ADC value of endometrial
cancer was 0.76 ± 0.11 _s 103 mm2/s.
Comparing the mean ADC value of the 13 patients with
50% or more myometrial tumor invasion (0.77 ± 0.11) with
the mean ADC value of the 14 patients with less than 50%
invasion (0.8 ± 0.13), the difference was not statistically sig-
nificant (p= 0.85).
On combined evaluation of high b value DWI and conven-
tional MRI data, myometrial infiltration was correctly
assessed in 24 (88%) patients, was underestimated in 1 (4%)
patients, and was overestimated in 2 (11%) patients.
On evaluating the T2WI with the post contrast T1 W
images, correct diagnosis of the depth of myometrial invasion
was done in 23 (85%) of cases. Misinterpretation was done in 4
cases (15%).
The high b value DWI showed higher sensitivity in evaluat-
ing the depth of myometrial invasion compared to the post
contrast images (92% and 86% respectively). The specificity
was equal (82%).
Correlation of theADC values with the different histological
grades was done. The mean ADC values were 0.78 ± 0.09 
103 mm2/s for grade 1 (G1), 0.77 ± 0.12  103 mm2/s for
grade 2 (G2), and 0.75 ± 0.1  103 mm2/s for grade 3 (G3),
respectively, showing no significant correlation between ADC
values and tumor grade (p= 0.67) (Table 3).
4. Discussion
The prognosis of endometrial cancer patients depends mainly
on three factors: histologic grade, tumor stage including the
depth of myometrial invasion, and lymph node involvement
(7) Preoperative knowledge of these factors is a critical step
for treatment planning, and tailoring the surgical approach (3).
DWI is a recent technique that reflects the changes in
microscopic mobility of water molecules (8). It may allow dis-
tinguishing cancerous from normal tissues. A tissue with high
cellular density - such as neoplastic tissue - shows high signal
on DWI, while tissue with lower cellular density – normal tis-
sue - shows lower signal intensity on DWI (9).
ADC maps enable obtaining quantitative information. The
ADC values of malignant tumors are lower than those of nor-
mal tissue or benign lesions in several anatomic districts
(10,11).
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normal endometrium, myometrium, and endometrial cancer
was found (12–14).
In this study, b 0, b 500, and b1000 DW images were
obtained. We used the b 1000 image in our interpretation.
Many studies also used b 1000 DW image such as Dogan
et al., Seo et al. and Hori et al. studies (1,6,15). Richichi
et al. used b value of 500 (3), and Beddy et al. and Ren et al.
used b value of 800 (16,17). According to Andreano et al.
meta-analysis this difference in b values did not seem to affect
the final results (7).
We interpret DWI together with T2WI. This combined
interpretation was also done in Horvath et al. and Hori
et al. studies (5,16). Seo et al. study performed fused T2 and
DW-imaging for better anatomical details; however, the T2
shine-through effect can cause misdiagnosis when using the
fusion software (6).
The ideal timing for contrast enhanced imaging in endome-
trial carcinoma cases is debatable. In this work images were
obtained at 0, 30, 60, and 120 s after injection of the contrast
agent as in Horvath et al. and Beddy et al.’s study (5,16).
Dogan et al. acquired nine dynamic series of T1-W
THRIVE images at the 0th, 20th, 40th, 60th, 80th, 100th,
120th, 140th, 160th, and 180th s and an additional late phase
(5th min) imaging was performed (1).
In Freeman et al.’ s study post contrast images were
acquired One, 2 and 3 minutes after administration of contrast
material (18).
However there is agreement that the Delayed images after 2
or 3 minutes provided maximum contrast between the
endometrial carcinoma and the enhanced myometrium
(1,5,16,18).
In our study all cases of endometrial cancer demonstrated
high signal intensity on DW images and low signal intensity
on ADC maps. The mean ADC for endometrial cancer was
0.76 ± 0.11 _s 103 mm2/s in line with Kieran et al. who
reported 0.77 ± 0.12 _s 103 mm2/s as mean ADC value of
endometrial cancer. Dogan et al. showed higher mean ADC
of endometrial cancer 1.02 ± 0.48  103 mm2/s.
The most important prognostic factor for endometrial car-
cinoma is the depth of myometrial invasion (7).
In this work, ADC values were not found to vary regarding
the depth of myometrial tumor involvement.
This finding confirms the results previously reported by
Richichi et al. (3).
Chen et al. reported the diagnostic accuracy of DW-MRI
for myometrial invasion 61.9% and of Gd-T1WI 71.4% (9).
Koplay et al. found the diagnostic accuracy for myometrial
invasion was 88% with DW-MRI and 83% with Gd-T1WI
(10).
In our study, the diagnostic accuracy was 88% for DWI
compared to 84% for Gd-T1WI. The specificity was equal
while the sensitivity was higher for DW-imaging (94%) com-
pared to (86%) for Gd-T1WI.
The pitfalls responsible for the misinterpretation were the
presence of intramural leiomyomas, adenomyosis, and tumor
extension into the cornua.
High-grade endometrial carcinomas have higher cellular
density and are expected to have lower ADC values than
low-grade tumors.
Nakamura et al. reported a significant difference between
mean ADC of grade 1 and grade 3 tumors (19).Inoue et al. results suggested that minimum ADC
that reflects portions of highest cellularity within the tumor
may be useful for predicting endometrial carcinoma
grades (12).
However, some authors found no significant difference
among different tumor grades (3–16).
Bharwani et al. showed that the tumor mean and minimum
ADC values were not useful in differentiating histological
tumor grade in endometrial carcinoma (16).
No significant difference was found in the mean ADC val-
ues of the different grades of endometrial carcinoma in this
study.
This study limitations were the small sample size and the
relative large tumor size at time of diagnosis.
5. Conclusion
In conclusion, DW-MRI has a high diagnostic efficacy compa-
rable to that of post contrast study, making it a good alterna-
tive in preoperative evaluation of depth of myometrial
invasion in patients with endometrial carcinoma. DW-MRI
thus should be considered part of the routine pre-operative
pelvic MRI in this group of patients.
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